At midday on 27 October 1553, a 42-year-old man was led to execution in Champel, just beyond the city walls of Geneva. Seeing the pyre he fell to the ground and cried: 'Mercy, mercy! Jesu thou son of the eternal God, have compassion on me!'2 Nevertheless, he was bound to the stake with a copy of his book and manuscripts chained to his arm3. In Catholic Vienne, too, he was burned, but in effigy for it was his escape from Vienne that had led him through Geneva on his way to southern Italy. On 13 August 1553 he had been recognized as he went to church, arrested and prosecuted by Calvin. The trial lasted several weeks, and, with a unanimous verdict from all the Protestant cantons, he was found guilty of spreading dangerous heresiesparticularly anabaptism and antitrinitarianism-of leading an immoral life and of disturbing the peace. Despite Calvin's pleas for mitigation of the sentence to that of beheading, he was condemned to burn4.
In 1903 an expiatory monument was erected in Geneva to the memory of this man3, and in 1905 the Regius Professor of Medicine at Oxford, William Osler, became an active member of a committee to erect a similar monument in Vienne. Four years later Osler wrote a short book which 'retraces his dramatic story with as much erudition as human warmth'5. Why was a professor of medicine 'captivated by the personality'5 of a 16th century heretic universally condemned by Catholic and reformer alike?6 To answer this, I will discuss his life, his work as a physician, and his relevance today.
BIOGRAPHY-THE MAN
Early life His name was Michael Servetus, also known as Villanovanus, under which name he lived the second half of his life. He was born in Tudela, Navarre, on 20 September 151 1 1, and was brought up in Villanueva where he attended the local church school before entering the University of Saragossa7. He Most interestingly, Servetus wrote of capillaries as a means for the arteries to connect with the nerves14, allowing the transfusion of vital to animal spirit.
The pulmonary circulation The above passage mentions the vital and animal spirits. Galenic physiology recognized three spirits in man: natural, vital and animal. These three were contained respectively in veins, arteries and nerves whose centres were liver, heart and brain. Servetus's concern with the 'vitalization' of the natural spirit led to the passage in Christianismi Restitutio about the pulmonary circulation for which he is most famous.
Background
Alcmaeon of Crotona (c. 500 BC) believed that some vessels were full and others empty of blood. This theory was consolidated by Herophilus of Alexandria (c. 300 BC), who distinguished arteries and veins by their anatomy and held veins to be blood vessels and arteries to be air or 'pneuma' vessels. This pneuma was thought by Hippocrates (460-377 BC) to be instilled in the left ventricle, which was the seat of the body's warmth, or as Aristotle saw it, the seat of the soul. Erasistratos (c. 280 BC) considered the arterial system to contain air, and the venous system blood. This venous blood moved tidally to the periphery where it met the arterial system in 'synanastomoses'15. Galen the Serene of Pergamon, philosopher, philologist, historian, scientist, logician, mathematician and the physician to MarcusAurelius, supplied the definitive account until the Renaissance, particularly in books VI and VII of De Usu
Partium1l. Blood was formed in the liver from where it flowed peripherally (rather than an 'ebb and flow') and to the right ventricle, and was contained in both arterial and venous systems. Passage from right to left ventricles occurred not through the lungs, but by means of invisible openings in the interventricular septum. Some blood, the pulmonary artery, and on expiration squeezed through tiny pores into the pulmonary vein, since the pulmonary valve would prevent reflux to the right ventricle. This latter supply was solely to nourish the lungs, rather than a route into the left ventricle16. The left ventricle itself was the organ of 'spirit-exchange'. Pneuma mixed with blood to vitalize it, and the 'pulsific' property of the aorta and arteries transported the vital spirit to the periphery. Although the mitral valve prevented reflux of blood, its 'comparative weakness' allowed waste products (sooty residues) to be excreted through the pulmonary vein into the lungs1.
Servetus's discovery Servetus is accepted as the first western writer to describe the principle of pulmonary circulation. 'His priority in this matter is unquestionable'8. The discovery was contained within just two pages of a lengthy theological treatise of which only three copies remained six months after publicationl7. Not only did Servetus claim that blood flowed through capillaries in the lungs rather than interventricular pores, he also held that it mixed with pneuma in the lungs, and not in the left ventricle18. In support of this he noted that the pulmonary artery was too large for it to be concerned only with the nourishment of the lungs, and that blood changed colour in the lungs:
[The vital spirit] is generated in the lungs from a mixture of inspired air with elaborated, subtle blood which the right ventricle of the heart communicated to the left. However, this communication is made not through the middle wall of the heart, as is commonly believed, but by a very ingenious arrangement the subtle blood is urged forward by a long course through the lungs; it is elaborated by the lungs, becomes reddish-yellow and is poured from the pulmonary artery into the pulmonary vein. Then in the pulmonary vein it is mixed with inspired air and through expiration it is cleansed of its sooty vapours. Then finally the whole mixture, suitably prepared for the production of the vital spirit, is drawn onward from the left ventricle of the heart by diastole.... The notable size of the pulmonary artery confirms this; that is, it was not made of such sort or of such size, nor does it emit so great a force of pure blood from the heart itself into the lungs merely for their nourishment. . Likewise, not merely air, but air mixed with blood, is sent from the lungs to the heart through the pulmonary vein; therefore the mixture occurs in the lungs. That reddish-yellow colour is given to the spirituous blood by the lungs; it is not from the heart9. clergymen8. The seventh of fifteen chapters dealt with pulmonary blood flow, and it was probably written after 1553. Even so, Servetus had sent a draft of Christianismi Restitutio to Calvin as early as 1546, which suggests that Servetus made the discovery before Colombo had started his first chapter. In 1546 Servetus also sent a draft to Padua, where Colombo had taught from 1541 to 154511. It is possible that, with contacts in Padua, Colombo had access to Servetus's book, though it is unlikely that he could have obtained a copy of the final edition, as so many were burned in 1553. Colombo seems almost to quote Servetus's work, and he goes no further than Servetus in his conclusions. However, Colombo took a different approach, considering the presence of blood in the pulmonary vein: 'No one hitherto has either observed or left recorded in writing'l the presence of a large flow of blood in the pulmonary vein.
He did not refer to a direct flow from artery to vein20. Both Colombo and Servetus realized, unlike Galen, that blood and air mixed in the lungs rather than in the left ventricle18, and both relied on dissection rather than tradition to make their observations and conclusions. Whatever Colombo's contribution, however, the most that can be said is that he made the discovery independently. He certainly did not precede Servetus.
It is the writing of an Arab physician, Ibn Al-Nafis (1210-1290), that counters Servetus's claim to be the first to discover the pulmonary circulation14. Al-Nafis worked in Damascus, and wrote a Commentary on the Anatomy in the Canon of Ibn Sina which was itself based on translations of Galen21. His book lay undiscovered in Berlin's Prussian State Library until 1922, when an Egyptian physician found and based his thesis upon it1. The thesis was investigated by Meyerhof in 1930 who concluded that Al-Nafis's discovery, based as it probably was on theory alone, and in a book full of mistakes elsewhere, was 'a happy guess, but one which believed that the septum was too thick to allow any sweating of blood through pores:
The blood of the right ventricle passes through the pulmonary artery to the lung, spreads through its substance, mixes with the air and becomes completely purified; then it passes through the pulmonary vein to reach the left chamber of the heart. . . and. . . there is no opening, as some thought there was, between these two cavities, for the septum of the heart is watertight without any apparent fenestrations in it .
For Al-Nafis, the mixing of blood with air took place in the cells of the lung, rather than in the capillaries as Servetus suggested14. Servetus made two other observations that Al-Nafis did not the colour change of blood in the lungs14 and the over-large size of a pulmonary artery whose traditional function was to nourish the lungs18.
It is possible that Al-Nafis's book was known in 16th century Europe, for Andrea Alapago returned from thirty years in Arabia to Padua in 1520 with a Latin translation of the commentary18, but there is no evidence that the relevant sections were included, and even less that Servetus or Colombo knew of it1. If Servetus had known of an ancient authority to back him up, he would have been foolish not to quote it to support what he knew would be a condemned book, particularly as he sought fame for his theology, not his physiology11.
Certainly, no author before these three had claimed that blood flowed primarily from pulmonary artery to vein20, yet this huge change in understanding of pulmonary circulation was based in each case merely upon a change in emphasis of Galenical doctrine10, for Galen did accept a small flow from artery to vein. Servetus concentrated on the size of the pulmonary artery, Colombo upon blood flow in the vein, and Al-Nafis upon the thickness of the septum.
All three, independently, came to the same conclusions11. 
